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Introduction
28
There are many drivers of food choice that may account for the variation in dietary energy intake 29 of individuals, including cost, convenience, health, personal relationships, values (e.g. symbolism and 30 ethics) and taste. However taste is a primary consideration for most people in nearly all food and 31 drinking settings [1] . By 'taste' lay people tend to mean the broad sensory properties of foods [1] , 32 including the basic tastes: sweet, sour, salty, bitter and umami; textures (or mouthfeel); smell (aroma); 33 spicy or cooling properties (chemethesis) and flavours (specific aromas and combinations of all 34 sensory modalities). Past literature has identified relationships between tastes, fat perception and 35 food intake. Infants are born with a preference for sweet taste thought to be derived from an 36 association between sweet taste and energy intake [2] . Neuroscience has identified the importance of 37 sweetness as a reward [3] and also its role in satiety and satiation [4] . Infants soon develop a liking for 38 saltiness, which was thought to be useful for when this mineral was once rare [5] . Furthermore,
39
evidence shows salty foods to be highly palatable [6] with salt masking unpalatable bitterness [7] .
40
Taste has a role in satiation, for example, saltiness exposure and intensity decreased food intake 41 amongst normal weight men [8, 9] . There is also suggestive evidence that the fatty mouthfeel texture
42
(fattiness) is associated with innate neural reward activations [10] and is thought to be important 43 because it may signal that the food is high in dietary energy [11] . While useful in past times of dietary 44 scarcity, these sensory cues, in the current environment of plenty, may help to explain excessive 
47
Malaysia emerging [13] . French data [14] suggest that liking for dietary fattiness is more important 48 than liking for sweet or salt in terms of risk of developing obesity. However, the exact role of tastes 49 and fattiness on weight status is not well understood [15] and less is known about how tastes (i.e. 50 saltiness, sweetness) or the mouthfeel (i.e. fattiness) might be associated with dietary energy intake.
51
Tastes can signal nutrient content of foods particularly amongst un-or minimally processed 52 foods, although the relationship is weaker for highly processed foods [16] . Analysis of the sensory 53 characteristics of 237 processed foods in the USA [17] found that, whilst sweet taste was associated 54 with mono-and di-saccharide content, it was not correlated with energy content of foods. There is a 55 need to further understand types of food and the relationships between their sensory characteristics 56 and nutrient content. The current paper utilizes the established dietary recommendation's 57 distinctions of core foods (micro-nutrient rich e.g. fruits, vegetables, grains, dairy) and discretionary 58 foods (micro-nutrient poor but possibly energy dense and highly processed foods e.g. confectionary
59
and sugar-sweetened beverages). Further details are given in the methods section below.
60
Recent studies have sought to measure liking for fatty, salty and sweet sensations [18] 
74
The current study has novelty because it investigates diet (rather than just selected foods),
75
includes the texture fatty mouthfeel (not just basic tastes) and seeks to predict (statistically) reported 76 dietary energy intake (not, for example, hedonics) utilizing a unique tool and large datasets. The
77
CSIRO Sensory-Diet database is a unique and validated tool for measuring the sensory characteristics M A N U S C R I P T A C C E P T E D 
83
The primary aim of this paper was to use the CSIRO Sensory-Diet database to describe the 84 sensory profile (sweetness, saltiness, and fatty mouthfeel) of diets reported by Australian adults and 85 children, with a particular focus on the relationship between sensory characteristics and total energy 86 intake.
87
More specifically, the objectives were to: 88 1. Determine whether sweetness, saltiness or fatty mouthfeel predict (statistically) total energy in
89
Australian adults and children, independent of demographics. 
104
Briefly, the method used to collect the dietary intake data as part of the NNPAS was two 5-105 phase, 24-hour recalls, where respondents were asked to recall the previous 24 hours intake of food,
106
beverages and dietary supplements (see [23] for detailed descriptions of the data collection process).
107
The USDA Automated Multiple-Pass Method developed by the United States Department of 
117
Nutrient intake data was provided for each food, beverage or supplement item recalled using a 118 nutrient composition database specifically developed by FSANZ (AUSNUT 2011-13) . Recalled items
119
were also coded into a hierarchy of food classification -at the major (2 digit), sub-major (3-digit), 
138
To understand the contribution of nutrients and sensory characteristics from specific food 139 groups to the total diet, we assigned all foods and beverages to its corresponding food group 
Statistical analysis
154
Total sensory amount per food item consumed was calculated as the sensory value of the food 155 multiplied by the grams consumed. The total sensory profile of the diet was the sum of the sensory 156 values for all foods and beverages consumed. To control for total food or energy intake, the density of 157 diets was presented as the total dietary sensory score per 1000kJ, and termed 'sensory density'
158
(analogous to nutrient density -see worked example below).
160
Step 1: Sample of simplified dietary data from one individual for one day of intake and sensory 161 data for sweetness.
163
Food list
Amount ( 
164
Step 2: Calculate total sweetness of diet 
175
The total sweetness of the diet is 7966.8 and the sweet density is 5892.6.
176
Step 4: Repeat for saltiness and fatty mouthfeel 177 178
Descriptive data of the sensory profile and sensory density of diets by individual characteristics 179 are presented in Table 1 Individual characteristics' group data (Table 1) (Table 2 ).
225
After controlling for age, sex and BMI (on the basis of the univariate analyses), the total 226 sweetness, saltiness and fatty mouthfeel of adults' diets were all significant predictors of total energy 227 intake, and the model accounted for 56% of the variance in energy intake (Adjusted R square = 0.561).
228
Total fatty mouthfeel was the strongest positive predictor of total energy intake (β= 0.492, p<0.01).
229
Saltiness (β= 0.16, p<0.01) and sweetness (β= 0.138, p<0.01) of the diet were also positive significant 230 predictors of energy intake, but standardised beta weights were smaller than for fatty mouthfeel 231 (Table 3) . Similar results were observed for children. However, age and BMI were also significant 232 predictors of energy intake. This model accounted for 67% of the variance in energy intake in 233 children (Table 3) . Interactions (sweet-fatty and salty-fatty) did not contribute to the models and were 234 deleted.
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Total intake
Sensory Density (intake/1000 kJ) 
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259
Discretionary foods also contributed most to total fat intake (32.7%), followed by similar proportions 260 from dairy and grains, whereas dairy foods (23.4%) and discretionary foods (23.0%) contributed most
261
to the fatty mouthfeel of diets. Grains and meat were also important contributors to total fat intake 262 and the fatty mouthfeel of the diet. The pattern was similar for children with one exception, saltiness 263 from 'other' foods (a miscellaneous category including condiments) was greater for adults than for 264 children who derived more saltiness (but not sodium) from meat.
265
To determine the contribution of food groups to "sensory sensation" and the relationship 266 between sensory and nutrient composition and energy intake, ratios were calculated. For sweetness,
267
fruit has a higher sweetness to energy ratio but a 5-fold lower sweetness to sugar ratio (Figure 1 ). This 268 pattern is reversed for grains and meat where the sweetness to sugar ratios are much higher than the 269 sweetness to energy ratios. Almost all food groups had a lower saltiness to energy ratio (ratios <1),
270
but higher saltiness for salt ratio. In terms of fatty mouthfeel, dairy foods had the highest fatty M A N U S C R I P T
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mouthfeel to fat ratios in adults' diets and, for both children and adults in general, dairy foods 272 provided the highest ratio of fatty mouthfeel to both energy and fat, i.e. the greatest sensation for 273 composition.
274
Comparing the sensory sensation of adults and children's diets, the relative contributions of 275 many foods groups were similar between adults and children, and particularly for sweet sensation.
276
For saltiness, children's diets had higher saltiness to salt ratios for fruit, discretionary and dairy foods 277 than adults, whereas adults' diets had higher saltiness to salt ratios for grains. Other 5.7 6.5 3.9 5.7 13.2 10.5
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1 Total sugars is the sum of added and free sugars in the diet. 282 Table 4 
290
The first objective of this analysis was to explore how different sensory characteristics of the diet 291 contribute to total daily energy intake. Using data from a nationally representative sample of
292
Australian adults and children, fatty mouthfeel, saltiness and sweetness of diets were found to be 293 moderately to strongly correlated with their corresponding nutrients and energy intake. Most 294 importantly, multivariate analysis suggested that fatty mouthfeel was the strongest predictor of total 295 energy intake and, whilst both saltiness and sweetness make contributions, these were smaller in 296 comparison to fatty mouthfeel. The importance of fatty mouthfeel is consistent with the energy 297 density of fat relative to other macro-nutrients. The strength of the correlations in this study are 298 stronger than other international data examining the relationship between sweetness and energy 299 intake from processed foods alone, as opposed to whole diet [17] .
300
There is evidence that the interactions between sweetness and fatty mouthfeel, and saltiness and 301 fatty mouthfeel may be important [30] [31] [32] but neither contributed to the variance explained in the 302 multivariate regression models, hence were omitted from the final models presented here. These 303 results suggest that sweetness or saltiness per se only make small contributions to the relationship to 304 EI, and there is no evidence that sweetness or saltiness in combination with fat, are associated with 305 energy intake at a population level but rather that fattiness is the major contributor to total energy 306 intake. This supports findings of a French longitudinal study whereby liking for fat (compared to 307 basic tastes) has been shown to be a risk factor for obesity [14] . However, in other Australian data 308 examining the sensory profile associated with dietary patterns of varying diet quality, there was no 309 relationship with fatty mouthfeel, meaning dietary patterns that were considered to be healthier were 310 not associated with lower fatty mouthfeel [21] . However, the outcome of overall diet quality in this 
314
The second objective was an analysis of the ratios of dietary composition (sugar, sodium, and fat) 315 to sensory impact (sweet, salty, fatty mouthfeel) across food groups identifying where most sensory 316 stimulation from content can be achieved. These ratios may also reveal where high composition has 317 lesser impact on perception, notably amongst discretionary foods. Discretionary foods are the highest 318 contributor to nutrients, namely sugar, sodium and fat, as well as the sensory modalities studied here,
319
in both adults and children. This is not surprising given this single food group contributes 35-40% of 320 total energy in Australian's diets [33, 34] 
334
Dairy foods as a single food group were a key source of fat in the diet and fatty mouthfeel, but 335 the high ratio of fatty mouthfeel to fat and energy is interesting. Dairy foods provide a relatively 336 small amount of fat relative to the sensory stimulation they provide, perhaps related to the mouth-337 coating effect of dairy liquids and semi-solids (e.g. yoghurts and creams) [37, 38] that are considered 338 highly palatable [39] . Given the nutritional value of dairy foods and their palatability, this observation M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT may be useful in informing public health messages to suggest that if consumers seek the pleasure of 340 fatty mouthfeel they could satisfy this with a small amount of dairy foods (further assisted by gums 341 and thickeners [40] ) and warrants future testing. By examining the nutrient/sensory profiles of diets 342 in this novel way, there would appear to be opportunities to encourage sensory stimulation from core 343 foods, such as dairy foods for fattiness or fruit for sweetness (Figure 1 ), rather than discretionary 344 foods -which provide relatively low sensory stimulation for their nutrient content.
345
Analysis of the ratios of composition to sensory impact by food group suggests that care is 346 required when using the senses to attempt to detect food composition and energy intake. For 347 example, much of the fat in meat and discretionary foods appears to be 'hidden' (low sensory impact 348 to content ratio); however, discretionary foods still provide the greatest proportion of dietary energy 349 with fattiness as the largest predictor energy intake. Fat in dairy products appears to provide a 350 recognizable fatty mouthfeel (a ratio almost twice the nutrient content) and more than twice the ratio 351 to energy content. The perception of fatty mouthfeel may explain why dairy avoidance is reported by 352 some population segments as a tactic for controlling fat intake and body weight, despite some 353 evidence that dairy foods are not associated with adiposity [41] .
354
The strengths of this study include the use of a trained sensory panel to estimate the sensory 355 characteristics of over 720 foods, a method considered to be the gold standard in sensory science [42] .
356
In addition, we applied these data to a large, nationally representative sample of the Australian 
Conclusions
365
In this study examining the sensory profile of diets of Australian adults and children, fattiness of 366 the diet was the largest sensory contributor to dietary energy intake, followed by sweetness and 367 saltiness. Furthermore ratios of nutrients and energy intake to sensory by food group revealed where 368 the greatest sensory impact can be achieved for the minimum amount of energy or nutrient content,
369
for example, fat in meats and discretionary foods has a low sensory impact whereas fat in dairy 370 products has a high impact. Given that there is evidence that sweetness, saltiness and fattiness remain 371 rewarding characteristics of foods, the results of this study suggest that choosing particular foods for 372 their sensory value, such as the fatty mouthfeel provided by dairy foods, may achieve sensory 
